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R A C.K GR OUN Tr> HF THF. INVENTION 
1. Technical Field 

The present invention relates to improvements to gene transfer and gene therapy 
technology. More specifically, the invention provides compositions and methods for targeted in 
vitro and in vivo viral delivery of nucleic acids into human and other animals to a specific organ, 
tissue, or tumor. The use of this invention to deliver a therapeutic gene, e.g., wtp53, can result 
in increased sensitivity to conventional radiation and chemotherapies. 
2 Description of the Background Art 

Gene delivery and gene therapy using viral vectors have been the subject of considerable 
research. A long-standing goal in gene therapy for cancer is a systemic delivery system that 
selectively targets tumor cells, including metastases. Nucleic acids can be introduced into cells 
via viral vectors in order to produce a desired therapeutic effect upon those cells. For example, 
a gene can be introduced to replace a defective gene that interferes with cell function, e.g., P 53. 
Nucleic acids may also be introduced into cells in order to produce a desired therapeutic effect 
in the host animal, e.g., for vaccination, immunotherapy, or anti-sense expression. 

Viral vectors have been developed to take advantage of the cell entry mechanisms used 
by viruses to transfer their nucleic acids into host cells. Recombinant retroviral and adenoviral 
vectors have been constructed using this strategy to achieve gene transfer in vitro and m vn*. 
Approximately 8Qo/o of the gene therapy protocols that have been approved for clinical trial 
utilize viral vectors (Wivel and Wilson, 1998). Adenoviral vectors offer advantages for some 
forms of gene therapy because they can enter non-dividing cells and carry a relatively large (>8 
kb) payload of foreign DNA (Berkner, 1 988). Moreover, adenoviral particles can be punfied and 
produced in titers greater than 10" PFU/mL (Wivel and Wilson, 1998). One disadvantage of 
these systems, however, is the limited cell tropism of the viruses, and the significant problem of 
targeting viral particles has yet to be solved for any of me merapeutic vimses currently being used 
in clinical trials for cancer. Accordingly, methods to alter cell tropism have been developed and 
continue to be sought. 
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A system which changes the tropism of retroviruses by means of a bifunctional conjugate 
has been described (Roux et al., 1989). The bifunctional conjugate contains an antibody directed 
against the viral coat and, on the other end, an antibody directed to a specific cell membrane 

marker for the target cell. 

Goud et al. (1988) described bifunctional conjugates which consist of two monoclonal 
antibodies (MAbs). The MAbs were directed against the gp70 coat protein of the Moloney 
retrovirus and the human transferrin receptor. These conjugates allowed the retrov.rus to 
penetrate into the otherwise non-permissive target cells. 

WO 92/06180 (Wu et al.. 1992) describes a method for changing the tropism of a vtrus 
by providing the surface of a virus with a molecule tot binds ,0 a target cell surface receptor, 
producing a virus with a specificity for cells with the cell surface receptor. In the disclosure a 
retrovirus or hepatitis B virus is chemically modified with carbohydrate molecules wtach btnd 
to the asialoglycoprotein receptor. Wu e. al. disclose only ,n yUro methods fo, the introductton 

of foreign genes into cells. 

Adenoviral vectors offer advantages for some forms of gene therapy because they can 
enter non-dividing cells and can carry a foreign DNA sequence of about 8 kb. Adenovtrus 
particles can be purified and produced in titers greater than 10" PFUs/mL. 

One restriction on the use of recombinant adenoviruses is their limited abthty to large, 
specific cell type, A number of studies have reported gene transfer using non-recomb,„a„, 
adenoviruses with DNA complexes tough receptor-mediated endocytosis, with the adenovtrus 
providing the ability to release the contents of endosomes (Gotten et al.. 1992; Wagner et a.., 
,992) These procedures use transfemn-polylysine/DNA complexes to internalize the bound o, 
unbound adenoviruses. Wagner e, al. (1992) modified an adenoviral vector by conjugating ,0 
polylysine and comptexed this with conjugates of tiansferrin-polylysine/DNA, producing tema* 
transferrin-polylysine/adenovirus-polylysine/DNA complexes. A similar approach to targeting 
is the linking of transferrin (Tf) to adenovirus particles to take advantage of the fact tha, the 
trar.ferrin receptor (TfR) is elevated on many tumor types (Miyamoto et a.., .994; Baselga and 
Mendelsohn, 1994). Schwarzenberger e, al. (.997) describe molecular conjugate vectors 
(MCVS) MCVS are constructed by condensing a plasmid containing the gene of interest wtth 
polyene (PL), PL linked ,0 a replication-incompetent adenovtrus (endosomolytic agent,, an 
PL linked to streptavidin for targeting with bio.inyla.ed ligands. However, i, has been reported 
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(Gotten et al., 1992; Wagner et al., 1992; Schwarzenberger et al., 1997) that current methods of 
covalent coupling of Tf to the adenovirus, or the generation of Tf-polylysine-adenovirus 
conjugates often results in decreased infectivity, possibly due to the harsh conditions requnred to 

produce the Tf-modified viruses. 

Another approach entails crosslinking the Fab fragment of a neutralizing anti-fiber or 
anti-knob monoclonal antibody to a ligand, such as folate or FGF2 (Rogers et aL. 1 997; Douglas 
et al 1996). Adenoviral vectors complexed with the chimeric Fab-ligand have shown some 
promise in tumor localization and exhibit reduced liver toxicity in vivo as compared to native 
adenovirus. 

Curiel et al., (US Patent Nos. 5,521,291 and 5,547,932) disclose multiple adenovrral- 
polycation conjugates for internalizing nucleic aods into eukaryotic cells. Some of these 
conjugates use transferrin which is bound to a substance having an affinity for nucletc acid as an 

internalizing factor. 

Cotten et al (US Patent No. 5,693,509) disclose adenoviruses with the reported abtlrty 
,0 penetrate efficiently into cells into which they cannot normally penetrate, while reining their 
capacity for gene expression and/or their endosomo.ytic properties. Transferrin is covalently 
bound to adenovirus particles so that they can undergo receptor-mediated endocytos,, The 
method oxidizes transferrin into a form which contains aldehyde groups in the carbohydrate 
moiety and couples the oxidized transferrin to the adenovirus under reducing condmons. It .s 
also disclosed that it is unpredictable whether infectivity is maintained after modtncattcn. 

Low e, al (US Patent Nos. 5,1 08,921 ; 5,416,016; and 5,635,382) disclose methods for 
enhancing transmembrane transport of exogenous molecules using ligands such as folate, b,o„n, 
thiamine, and their analogs. The methods may also employ anti-idiotypic antibodies or outer 
molecules capable of binding to the ligand's receptors. Outer ligands disclosed include macn, 
pantothenic acid, riboflavin, pyridoxal, and ascorbic acid. 

Xu et al (1997) and Xu e. al. (1999) found that the addition of Tf to a cationic hposome 
was able to increase signif,can..y the ability of the liposomes to deliver exogenous genes, 

selective targeting to a wide variety of human tumor cells growing as xenografts m nude mtce. 
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The publications and other materials used herein to illuminate the background of the 
invention or provide additional details respecting the practice, are incorporated by reference, and 
for convenience are respectively grouped in the appended List of References. 

ST TMMARY OF THF. INVENTION 

The present invention provides improvements to the administration of viral vectors for, 
for example, viral-mediated gene delivery to target cells. 

In one aspect, the invention provides a composition comprising an admixture of a viral 
vector capable of delivering a nucleic acid or other therapeutic molecule of interest and a ligand 
capable of effecting or enhancing the binding or tropism of the viral vector to a target cell. The 
disclosed method of producing the admixture avoids inactivation of viral particles that can 
otherwise be caused by harsh chemical processing. The admixture is prepared in a simple 
manner and is suitable for systemic (e.g., parenteral) administration to a human patient. 

In another aspect, the invention provides a method for administering the aforesaid 
admixture, systemically in vivo to a human or other animal, so as to accomplish targeted delivery 

of the contents of the viral particle. 

In another aspect, the use of the invention to deliver a therapeutic gene, wild-type P 53, 
will lead to sensitization to radiation and chemotherapeutic agents. 

RRTFF DESC^ TPTTON OF T HF. FIGURES 

Rgurei P-galactosidase reporter gene expression in JSQ-3 cells after infection with Tf- 
targeted adenoviral vector carrying the lacZ gene. 5x10* JSQ-3 cells/well were plated in a 24- 
well plate 24 hours later the cells were washed once with EMEM without serum and 0.3 mL 
EMEM without serum or antibiotics was added to each well. The AdSLacZ or Tf-Ad5LacZ 
complexes at different ratios of transferrin to virus in 200 uL EMEM were added to duphcate 
wells Ratios of 5x10' to 5x10 s Tf molecules/virion were used. The virus to cell ratios were 500 
and 1000 viral particles/cell (pt/cell). After 4 hours incubation at 37° C, 5% C0 2 , with mixing 
by rotating the test tube once every 2 minutes, 0.5 mL EMEM with 20% serum was added to the 
wells After 2 days in culture, the cells were washed once with PBS. and lysed in IX reporter 
lysis buffer (Promega). The cell lysates were treated with 100 uL of 1 50 uM 0-nitrophenyl- P - 
galactopyranoside in 20 mM Tris (pH 7.5) contaming 1 mM M g Cl 2 and 450 uM P - 
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m ercaptoe,ha„ol a, 37°C for 30 minutes. The reaction was stopped by the addition of .50 
uUwell of 1 M Na,CO, and the absorbance was measured a, 405 nm. Purified P-galac.os.dase 
was used to make a standi curve. The results were expressed as milHUmt (ml), of P - 
galactosidase equivalent per mg of total protein. 

Figures 2A-F. Histochemical analysis of Tf-targeted adenoviral, systemic delivery of the 
B-galacto^pTrter gene in a mouse xenograft model. Athymtc nude mice carrying DUI45 
xenograft tumors were i.v. injected one ,,me w,.h Tf-AdUcZ. Three days after injection, the 
ammals were euthanize*, and the tumor normal tissues were excised and stained wtth X-gaL 
Figure 2A shows tumor from an animal sys,emically«rea.edwiutTf-Adp53 ataratioof 1.5 x 10 
Tfmolecules/virion. Figure 2B shows liver corresponding. oF.gure2A. Figure2C shows tumor 
from an animal systemically treated with Tf-Adp53 a, a ratio of 2.9 x Itf 
Figure 2D shows liver corresponding to Figure 2C. Figure 2E shows tumor from an an,ma. 
S y S temica„y«-ea.edwi m Tf.Adp53a,ara,ioof5.SxlO>TfmoleculesMrion.Figure2F shows 

liver corresponding to Figure 2E. Bar = 50 um. 

Figure 3 Exogenous wtp53 expression in DU145 xenograft tumors after i.v. mjectton 
of Tf-A^Tlthymic nude mice carrymg DU145 xenograft tumors were i.v. injected w,th 
either Tf-Adp53 or untargetted Adp53. 48 hours later the animals were euthanized, the tumor 

from the tumor and organs of an untreated mouse, as we,, as the parenta, DU.4 ce.,s were 
included as contro.s. 100 tag of total protem of each of these samples was loaded/lane. 2.5 pg 
t0 ,a, protein of DU145 cells infected ,„ v«™ with Adp53 was also included. The p5, protem 
bands were detected using the monoclona, an,i-p53 antibody Ab-2 and the ECL Western blo, U. 
Band , = Exogenous human wtp»; Band 2 - Endogenous human DU145 p»; Band 3 - 

Endogenous mouse p53. 

Figure 4 Effect of the combination of systemically delivered, tumor-targeted adenov.ral- 
P 53 anTr^ion treatment on 1SQ-3 xenograft tumors * Tf-Ad P 53 was produced a, a 
ratio of 1 x 10- Tf moleeules/virion. 1x10- viral partic.es/mouse/injec.ion (equtvalen to 
,0'pfu) of Tf-Ad P 53 or untargened Adp53 were injected in.o the <ai, vein of athymic nude m,ce 

S^yofiolngradiattonwa.administeredtothear.malsatU.esiteof me tumor tn20yda 1 ,y 
fractionated doses. N. tumor regrowm in the antmals receiving the combination treatment was 
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observed 8 months after cessation of treatment. As the error was too smaU to be visualized, no 
error bars are present in the Tf-Adp53 (♦) Radiation group. The bar represents the duratton of 
treatment (approximately 3 weeks). All animal experiments were performed in accordance w„h 
Georgetown UniversUy Institutional Guidelines for the care and use of lab.ra.ory ammal, 
5 Figures 5A-H. Chemosensi.ization of B„ mouse lung metastases to csplatm (CDDP) 

by sys,"e^Suv7red, tumo,,arge.ed adenoviral^. The metastases were induced ,n 
normal, syngeneic C57/B1/6 mice by the intravenous injection of 1 x .0' cells. Four days .ater 
trea,men. was begun. Tf-Adp53 and con.ro, Tf-AdUcZ were produced a, the ra.,0 of, . x 
T f molecules/virion. 1x10" viral particles/mouse/injection (equivalent to 3 x 10 pfu) of e.ther 
10 Adp53 Tf-Adp53 or Tf-AdLacZ were i.v. administered 3 times/week to a total of 12-13 doses. 
CDDPwas intraperitoneally injected at 3-5mg/k g every 2-4 days for atotal of 8-13 doses. The 
, ungs were excised from the animals after one round of treatment. Lungs from animal treated 
with: No treatment (Figures 5A and 5E); CDDP alone (Figure 5B); unU.get.ed Ad.p53 plus 
CDDP (Figure 5C); Tf-LacZ plus CDDP (Figure 5F); Tf-Adp53 alone (Figure 5G); Tf-Adp53 
15 plus CDDP (Figures 5D and 5H). 
O ftL> figure 6. Effect of .he combination of systemic* delivered,, umor-targeted adenovtral- 
W^m7^4w on MDA-MB-435 xenograft tumors in vivo. 

Figure 7 l^^^^^^-^^^^*'^^ 
were m^n untargeted adenovirus with a LacZ or with transfemn target adenovtrus 

20 with LacZ. 

r, CT » tr rn DRSCRIPTION OF THF. INVENTION 

^^^^^3 andmeobservationsofap— ahon 

01 block in p53-ex P ressi»g cells suggests tha, wt P 53 functions in me regulation of the cel, after 

to failure of therapeutic regimens. distance 
Uck of wt P 53 function has also been associated with an mcrease ,n rad.at.on 
30 The presence of m. P 53 and *e consequent absence of a O, block have -so been foun o 
iLwimincreasedradiationreststanceinsomehumantumorsandceUlines. These.nclude 
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human tumor cell lines representative of head and neck, lymphoma, bladder, breast, thyroid, 
ovary and brain cancer. 

Based on these considerations, gene therapy to restore wtp53 function in tumor cells 
should re-establish the p53-dependent cell cycle checkpoints and the apoptotic pathway thus 
5 leading to the reversal of the chemo-/radio-resistant phenotypes. Consistent with this model, 
chemosensitivity, along with apoptosis, was restored by expression of wtp53 in non-small cell 
lung carcinoma mouse xenografts carrying mtp53. Chemosensitivity of xenografts involving the 
p53-null lung tumor cell line HI 299 and T98G glioblastoma cells and sensitivity of WiDr colon 
cancer xenografts to cisplatin has been demonstrated. Increased cell killing by doxorubicin or 

10 mitomycin C was also shown in SK-Br-3 breast tumor cells by adenoviral transduction of wtp53. 
However, some conflicting reports indicate that the relationship between p53 expression and 
chemoresistance may have a tissue or cell type-specific component. The transfection of wtp53 
by an adenoviral vector has also been shown to sensitize ovarian and colo-rectal tumor cells to 
radiation. It has also been reported that adenoviral-mediated wtp53 delivery did restore 

15 functional apoptosis in a radiation-resistant squamous cell carcinoma of the head and neck 
(SCCHN) tumor line resulting in radiosensitization of these cells in vitro. More significantly, 
the combination of intratumorally injected adeno-wtp53 and radiation led to complete and long- 
term tumor regression of established SCCHN xenograft tumors. 

The current invention departs from the conventional use of intratumoral injection of 

20 untargetted viral vectors or even systemic delivery of untargetted vectors, for the delivery of 
therapeutic molecules for gene therapy, for example as disclosed by Roth et al. (U.S. Patent No. 
5, 747,469). 

The data presented herein demonstrates the superior ability of such complexes to 
specifically target and sensitize tumor cells (due to expression of the wtp53 gene), both primary 
25 and metastatic tumors, to radiation and/or chemotherapy both in vitro and in vivo. 

The present invention addresses the need to deliver therapeutic molecules systemically 
with a high degree of target cell specificity and high efficiency. When systemically administered, 
this delivery system is capable of reaching, and specifically targeting, metastatic as well as 
primary disease, when the target cells are human cancer cells. As a result of delivery of the 
30 normal, wild type version of the tumor suppressor gene p53 by means of this system, the 
inventors demonstrated that the tumors are sensitized to radiation therapy and/or chemotherapy. 
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The high transfection efficiency of this system results in such a high degree of sensitization that 
not only is there growth inhibition of the cancer but pre-existing tumors and metastases are 
completely eliminated for an extended period of time. 

Specific embodiments of the invention provide pharmaceutical ly acceptable compositions 
5 comprising an admixture of transferrin ligand and viral vector particles capable of delivering a 
nucleic acid to target host cells. Simply admixing viral vectors (e.g., retroviral or adenoviral 
vectors) with a cell-targeting ligand in a suitable vehicle such as sterile-water-for-injection 
increases transfection efficiency over that obtained with the viral vector alone. A simple 
admixture of viral vector and transferrin, for example, increases the transfection of cells, e.g., 

10 human cancer cells, expressing the transferrin receptor. 

The use of transferrin is especially advantageous in connection with gene transfer into, 
or gene therapy for, a wide variety of human cancers. A wide variety of human cancer cells 
contain transferrin receptors. The presence of transferrin in the admixtures of the present 
invention permits the viral vectors to efficiently and specifically target those cancer cells. 

15 Other ligands, such as proteins, peptides, hormones, antibodies and antibody fragments 

will be useful for specifically targeting the viral vectors to cells containing receptors for such 
ligands or which can internalize the ligand by receptor-mediated endocytosis. The ligand, for 
example, can be a native or recombinant protein that functions to enhance the binding of the viral 
vector to a target cell. Examples of ligands include insulin, toxins, EGF, VEGF, FGF, IGF, 

20 heregulin, other viral or bacterial proteins, estrogen and progesterone. 

While the invention encompasses the use of a cell-targeting ligand which occurs naturally 
on one type of virus when this ligand is mixed with a second type of virus, the invention does not 
encompass the use of a cell-targeting ligand in its naturally occurring association with the virus 
which encoded it. The invention does encompass the mixture of a cell-targeting ligand encoded 

25 by a virus in association with the virus type which encodes said ligand when the ligand is present 
in an amount higher than normally found in association with the naturally occurring virus. 

The method by which a complex is formed between the ligand and the viral particle is 
such that a large number of ligand molecules coat the surface of the viral particle and increase 
the stability thereof as it travels through the blood stream. Moreover, the high number of ligand 

30 molecules on the surface may also serve to decrease the immunogenicity of the virus by blocking 
viral antigens. 



PCTAJS99/27365 
WO 00/29600 

9 

The invention includes the use of recombinant expression viruses. Viral vectors, such 
as recombinant adenovirus, AAV vectors (U.S. Pat. No. 5,139,941), retroviral vectors, herpes 
simplex virus (U.S. Pat. No. 5,288,641), cytomegalovirus (CMV), vaccinia virus, fowlpoxvirus 
(FPV), canarypoxvirus (CPV)(U.S. Pat. Nos. 5,833,975; 5,762,938; and 5,378,457), Sindbis 
virus, chimeric or hybrid viruses and the like may be used in accordance with the invention. 
Replication-competent or oncolytic viruses also can be used in accordance with the invention. 

The invention also provides methods for preparing a viral vector-transferrin admixture 
which advantageously avoids the harsh chemicals and complicated processing steps that have 
been described in connection with previously used methods using MAbs, linkers, polylysine, etc., 

to link transferrin to viral vectors. 

In accordance with the invention, ligand-viral admixtures can be prepared in any carrier 
or vehicle (typically an aqueous carrier) so as to provide a composition that is pharmaceutical^ 
suitable for in vitro or in vivo administration. The composition typically will be buffered to a 
suitable pH and can contain suitable auxiliary components such as osmolarity adjusting agents, 
antibiotics, etc. 

The amounts of viral particles used in the admixtures and ultimately administered to the 
host animal (or administered to cells in vitro) will be determined by those skilled in this field 
based upon well-known principles of gene transfer and gene therapy described in the scientific 
literature. The admixtures of the invention are administered via methods analogous to those 
previously described for the administration of viral vectors so as to carry out in vitro or in vivo 
gene transfer or gene therapy. The invention improves upon existing technology by providing 
compositions and methods for the systemic administration of viral vectors. Parenteral 
administration (especially intravenous or intra-arterial administration) of the admixtures is 
preferred. It is anticipated that, in some cases, substantially (for example 30-fold) lower doses 
of viral particles can be administered due to the improved efficiency brought about by the 
invention. Alternatively, in other cases, known doses can be used, resulting in increased genetic 
transfer. Concentrations of viral particles, ligand and auxiliary agents within the compositions 
of the invention also will be suitably selected. 

Specific embodiments of the invention provide for using the compositions of the 
invention in conjunction with radiation treatment and/or chemotherapy. 
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The invention is not limited to any particular viral vector, or to any particular route or 
m0 de of administration of the hgand-vira. vector admixture compositions. The desired total dose 
can be determined experimentally, and can be provided to a patient in need of gene therapy m 
a single or in multiple administration(s). 

The data presented in the Examples indicate that Tf-adenovirus complexes are capable 
of producing markedly higher levels of gene expression in tumors than that seen with untargetted 
adenoviral vectors. The gene delivery method described here is based upon the relatively stmple 
method of producing the Tf-targeted viruses. The coupling is non-covalent and does no, mvolve 
chemical reactions capable of producing unwanted and perhaps toxic side products and avotds 
me harsh chemical conjugation and complicated processing steps ma, have been descnbed ,n 
connection with previously used methods using MAbs, linkers, polylysine. etc.. to hnk Tf to vual 
vectors These chemical modifications of viruses mevitably lower the infectivity of the vuusand 
can produce aggregates possibly ,00 large .0 penetrate the tumor capillaries. Whtle 
intratumorally injected viral gene therapy vectors including oncolytic viruses are in cluneal tnals, 
no targeted viruses without eovalent modifications are currently under clinical study. 

While it is becoming evident mat single agent p53 gene therapy is not suffice* to 
completely eliminate tumors long term, the presently-described combination of Tf-targeted 
adenovirus and conventional radiation/chemotherapy was able ,„ achieve no, only growth 
inhibition, but tumor regression, demonstrating a synergistic effect. 

The in vivo studies described herein demonstrate mat the combination of system.c Tf- 
A d P 53 gene therapy and conventual radiotherapy and/or chemotherapy is markedly more 
effective than either treatment alone. In the clinical setting, radiation doses of 65 to 75 Gy for 
~oss tumor and 45 ,0 50 Gy for microscopic disease are commonly employed in the treatment 
of head and neck cancer. Given the known, adverse side effects associated with high doses of 
nation or chemotherapy, sensinzation of tumors so as ,„ permit a lowered effective dose of the 
conventional — wotud be of immense clinical benefit. Furthermore, in the case of 
radiation, systemic restoration of w«p53 function, resulting in a decrease in the rad,a„on 
treatment dose found ,0 be effective, would permit tether therapeutic intervention for tumors 
which did reoccur. 

The sensinzation ofntmors to chemotherapy and radiafionwiH result mmcreased efficacy 
of current — , modalities. Moreover, the potential also exists for mis tumor specfic 
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combination treatment to lower the necessary dose of both types of conventional anticancer 
modalities thereby lessening the severe side effects often associated with these treatments. In the 
in vivo studies described in the Examples, systemic administrate of Tf-Adp53 in combination 
with radiation resulted in total and long-term tumor regression using as little as 3 x 10* pfu of the 
tumor-targeting virus. This dose is approximately equivalent to that employed by Kataoka et 
al. (1998) using untargetted Adp53 and 2-Me. In that study, partial tumor growth inhibition (two 
thirds reduction in lung colony count) was observed. 

Although this system may well eliminate the need for intratumoral injection of gene 
therapy vectors, in the case of very aggressive cancers it may also be beneficial to use both 
systemic and intratumoral treatments. This system may also be adapted to assist in the delivery 
of other viral cancer treatments. For example, current trials of Onyx's oncolytic viruses do not 
support systemic delivery. ONYX-015 is a genetically modified adenovirus that efficiently 
replicates in and kills tumor cells deficient in wtp53 tumor suppressor activity («p 5 3 -deficient- 
cells) and not in normal cells. The specific modification of the virus prevents it from replicating 
efficiently in normal cells. Clinical studies with ONYX-015 are currently undenvay for head and 
neck cancer,pancreaticcancerandovarian carcinoma (Heiseetal., 1997; Hall etal., 1998; Linke, 
1998; Kirn et al., 1998). Our ability to target viruses to tumors may significantly improve the 
efficacy of other virally based cancer treatments such as ONYX-015. 

Most significantly, systemic administration means that both the primary tumor and distant 
metastases can be reached with therapeutic genes. This is in stark contrast to that which can be 
achieved with intratumoral injection. The method described here is adaptable to targetmg any 
existing recombinant viruses. It is also independent of the gene to be delivered. Additionally, 
this system could, as mentioned above, also be used with oncolytic viruses. The use of Tf for 
targeting is especially attractive in connection with P 53 gene therapy for human cancers in that 
a broad spectrum of cancers express elevated levels of the TfR, and in over 50% of cancers, the 
P 53 gene has been implicated. Therefore, these findings demonstrate the clinical potentml of tins 
Tf-targeted adenoviral delivery system as a new, more efficient and effective form of gene 
therapy for cancer, one which will help to fulfill the initial promise of gene therapy m the war 
against this disease. 

Specific, illustrative embodiments of the present invention are provided in the following 
Examples. 
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Example 1 

Transferrin enhances adenovira l transduction efficiency 
A. Preparation of Transferrin- Adenovirus Admixture 

Holo-transferrin (Tf, iron-saturated, Sigma) was dissolved in sterile water at 5 mg/mL. 
Replication deficient adenovirus serotype 5, designated AdSLacZ (Ad5CMVntbeta-gal, Gene 
Transfer Vector Core, University of Iowa), containing the E. coli LacZ gene under control of the 
CMV promoter, at a concentration of l.lxlO 12 P articles(pt)/mL (which contained 5.5xl0 9 plaque 
forming units, pfu/mL) in PBS plus 3% sucrose, was used in the study. Tf was first diluted to 
0.5 mg/mL in 10 mM HEPES buffer, pH 7.4, then the Tf was added to 50 uL HEPES buffer in 
a 10-fold serial dilution. AdSLacZ was then added to the tubes so that the Tf to virus ratios 
ranged from lxlO 2 up to lxlO 6 Tf molecules/virion. The tubes were incubated at room 
temperature for 10-15 minutes, with rocking (rotating the tubes once every two minutes), and 
then 150 uL EMEM without serum was added to each tube. 

B. In vitro transduction using adenovirus/Tf admixture 

We have employed a replication deficient adenovirus of serotype 5 termed AdLacZ 
(containing the E. coli LacZ gene under control of the CMV promoter) and the Tf-modified form 
of this virus (Tf-AdLacZ). To optimize the ability of Tf-AdLacZ to deliver the reporter gene, 
cultures of the cell line JSQ-3 (Weichselbaum et al., 1988), derived from a human squamous cell 
carcinoma of the head and neck (SCCHN), were infected (Bischoff et al., 1996) with AdLacZ 
or with Tf-AdLacZ produced using different ratios of Tf to virus and virus particles to cell. 

5 x 10 4 JSQ-3 cells/well were plated in a 24-well plate. 24 hours later the cells were 
washed once with EMEM without serum, 0.3 mL EMEM without serum or antibiotics was added 
to each well. The AdSLacZ or Tf-AdSLacZ complexes at different ratios of transferrin to virus 
in 200 uL EMEM were added to duplicate wells. The virus to cell ratio ranged from 20 up to 
2000 viral particles/cell (pt/cell). After 4 hours incubation at 37°C, 5% C0 2 , with occasional 
rocking 0.5 mL EMEM with 20% serum was added to the wells. After 2 days in culture, the 
cells were washed once with PBS, and lysed in IX reporter lysis buffer (Promega). The cell 
lysates were treated with 100 uL of 150 uM O-nitrophenyl-P-galactopyranoside in 20 mM Tns 
(pH 7 5) containing 1 mM M g Cl 2 and 450 uM P -mercaptoethanol at 37°C for 30 minutes. The 
reaction was stopped by the addition of 150 uL/well of 1 M Na 2 CO, The absorbance was 



PCT/US99/27365 
WO 00/29600 

13 

measured at 405 nm. Purified p-galactosidase (Boehringer) was used to make a standard curve. 
The results were expressed as milliUnits (mU) of p-galactosidase equivalent per mg of total 
protein. 

C. Histochemical staining 

For histochemical studies of Tf-Ad5LacZ transduction, 60% confluent cells in 24-well 
plates were transfected for 5 hours with transfection solutions as described above. After an 
additional 2 days in culture, the cells were fixed and stained with X-gal (Xu et al., 1997). 
Transfection efficiency was calculated as the percentage of blue-stained cells. 

D. Results and Discussion 

At certain ratios of Tf to virus or of virus to cell, expression with the Tf-AdLacZ was 
between 3- to 4-fold higher than that seen with the untargetted AdLacZ (see Figure 1 ). At a viral 
dose of 500 P t/cell or 2.5 MOI (multiplicity of infection, or pfu/cell), 10 mU/mg protein of 
reporter gene product p-galactosidase was expressed by Ad5LacZ alone. Transduction with the 
transferrin-virus admixture Tf-Ad5LacZ (500 Tf molecules/pt) produced 25 mU/mg protein of 
reporter gene expression, Tf-Ad5LacZ (5,000 Tf molecules/pt) produced 30 mU/mg expression, 
and Tf-Ad5LacZ (50,000 Tf molecules/pt) produced 38.8 mU/mg expression, which represents 
2 5 3, and 3.8-fold, respectively, more gene transduction than attained with AdSLacZ alone. At 
a dose of 1,000 pt/cell or 5 MOI, Tf-Ad5LacZ (500 Tf molecules/pt) gave 2.4-fold more reporter 
gene expression and Tf-Ad5LacZ (5000 Tf molecules/pt) gave 3.3-fold more gene expression 
than AdSLacZ only. Tf-Ad5LacZ (50,000 Tf molecules/pt) gave 2.6-fold more expression, 
seeming to reach saturation. Therefore, the optimal ratio of Tf-Ad5LacZ complex appeared to 
be about 500-50,000 Tf molecules/pt, preferably about 5000 Tf molecules/pt. It is thought that 
the large number of transferrin molecules used to coat the surface of the viral particles increased 
its stability as it traveled through the bloodstream. The large number of transferrin molecules on 
the virion surface can also serve to decrease the immunogenic^ of the virus by blocking viral 
antigen exposure. 

Histochemical staining showed that AdSLacZ alone gave 20-30% transduction efficiency 
while transferrin complexed adenovirus Tf-Ad5LacZ (5000 Tf molecules/p.) gave 70-90% 

efficiency. 
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The above results demonstrated that adenoviral-transferrin admixtures can substantially 
enhance adenoviral gene transduction. 

Example 2 

Transferrin-targeted Systemic Adenoviral 
fiene Delivery in Nude Mouse JSO-3 Xenog raft Model 
A. Preparation of transferrin-adenovirus complex 

The transferrin-Ad5LacZ complex was prepared by means similar to those used for the 
preparation described in Example 1 . lxlOMxlO 10 pt Ad5LacZ (lxlO ,2 pt/mL in PBS plus 3% 
sucrose) was mixed with different amounts of Tf (4 to 5 mg/mL in water) at ratios ranging from 
1 ugto 1 mg Tf/lxlO'V or 7.5xl0 2 -7.5xl0 5 Tf molecules/virion. The mixtures were incubated 
at room temperature for 5-10 minutes with rocking (rotation of the tubes once every two minutes) 
to permit the Tf-Ad5LacZ complex to form. PBS (pH 7.4) was added to each tube to dilute to 
Ixl0 9 -lxl0 lo pt/0.2-0.3 mL/mouse injection. 

Two types of human tumors were established as xenografts in nude mice by subcutaneous 
injection of either the SCCHN cell line used in the culture experiments above (JSQ-3) or the 
human prostate cancer cell line DU145 (Isaacs et al., 1991 ; Asgari et al., 1997). The nude mouse 
tumor model was established by subcutaneous injection of JSQ-3 cells or DU145 cells into the 
flank of 4-6 week old female nude mice (Xu et al., 1997). The tumors were allowed to grow to 
a size of 1-2 cm 3 . Ixl0 9 -lxl0 ,0 pt Ad5LacZ complexed with different amounts of Tf in 200-300 
uL were injected into each mouse via the tail vein with a 1 cc syringe and a 30 G needle. In the 
control group, Ad5LacZ was injected. Three days after injection, the tumors as well as mouse 
organs were excised, cut into 1 mm sections, washed once with PBS, and fixed with 2% 
formaldehyde/0.2% glutaraldehyde for 4 hours at room temperature. The fixed tumor sections 
were washed 4 times, each for 1 hour, and stained with X-Gal solution plus 0.1% NP-40 (pH 8.5) 
at 37°C overnight. The stained tumor sections were embedded and sectioned using normal 
histological procedures and counter-stained with nuclear fast red. Four sections per tumor were 
examined to evaluate the p-galactosidase gene expression, as indicated by the blue stained cells. 

Another tumor section was used for quantitative p-galactosidase assay. The tissues were 
homogenized and lysed in IX reporter lysis buffer (Promega). The lysates were added to a 96- 
well plate and a quantitative p-galactosidase assay was carried out as described in Example 1 . 
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In some experiments, the quantitative p-galactosidase assay was also performed using a 
Luminescent P-galactosidase Detection Kit II (Clontech). 

B. Results and Discussion 

To test systemic, targeted viral gene delivery, viral vectors were injected i.v. in well- 
established solid tumor models. Two solid tumor xenograft models were used to test the targeted 
viral gene delivery system. 1x10'° pt Ad5LacZ alone or complexed with different amounts of 
Tf were i.v. injected into nude mice bearing 1-2 cm 3 size human tumor xenografts of JSQ-3 and 
DU145 cells. Three days later, the tumors injected with Tf-Ad5LacZ showed increased 
X-Gal-stained blue cells, as compared with Ad5LacZ alone (<1%). The efficiency increased as 
a result of increased Tf/pt ratios, from 5% up to >35% (0.01 mg-0.6 mg/10 10 pt). The efficiency 
started to decrease with Tf/pt ratios >0.6-l mg/10 ,o pt (about 4.5 to 6 x 10 5 Tf molecules per 
virion). This is shown in Figures 2 A, 2C, and 2E where the percent of P-galactosidase 
expressing cells (as indicated by X-gal staining) actually decreases as the ratio of Tf- 
molecules/virion increases from 2.9 x 10 5 Tf/virion to 5.8 x 10 5 Tf/virion (Figures 2C and 2E). 
Moreover, at the ratio of 1.5 x 10 5 Tf/virion no p-galactosidase expression was evident in the 
liver (Figure 2B) or other organs including spleen and lung, while there was minimal, but clearly 
detectable, p-galactosidase expression in the liver at the ratio of 2.9 x 10 5 Tf molecules/virion 
(Figure 2D). In contrast, injection of Tf-AdLacZ produced with higher ratios of Tf/virion 
resulted in notable liver staining (Figure 2F). Therefore, based upon these findings, the ratio of 
1.5 x 10 s Tf molecules/virion, which demonstrated significant tumor transfection efficiency, 
while maintaining the highest degree of tumor specificity was determined to be optimal for the 
studies. The optimal conditions appeared to be about 0.01-0.2 mg/10'° pt (7.5xl0 3 -1.5xl0 5 Tf 
molecules per virion) for JSQ-3 and about 0.03-0.5 mg/10 10 pt for DU145. Therefore, Tf/pt 
ratios can be optimized in vivo in different tumor models. It should be noted that in vitro optimal 
Tf/pt ratios are much smaller than that of in vivo, such that more transferrin may be needed in 
vivo to stabilize the virus for improved targeting. The 0.2 mg Tf/10'° pt (1.5xl0 5 Tf molecules 
per virion) ratio was used in subsequent in vivo gene therapy experiments for JSQ-3 tumors. 

Quantitative p-galactosidase assays also confirmed the substantial increase of gene 
expression in tumors of mice i.v. injected with transferrin-targeted adenovirus, compared with 
that of adenovirus alone. 



PCT/US99/27365 
WO 00/29600 

16 

Targeted organ delivery of virus was also observed in livers of mice with i.v. injected 
Tf-Ad5LacZ complex, but liver delivery has a different preferred Tf/pt ratio, e.g. about 0.5 
mg-1.3 mg Tf/10 10 pt (3.75xl0 5 -9.75xl0 5 Tf molecules per virion). In Ad5LacZ alone i.v.- 
injected mice, only a limited number of hepatocytes stained blue (<l-5%), while mice i.v, 
injected with Tf-Ad5LacZ showed increased blue hepatocytes (10%-40%). The difference of 
preferred Tf/pt ratios between tumor-targeting and liver-targeting illustrates that systemic viral 
delivery systems according to the present invention can be optimized so as to be selective for 
different targets. 

Example 3 

Trangferrin-tareeted Adenoviral-M ^iateri Gene Delivery 
m i iw,in Fvpr^inn of n53 h Vhx> in a DU14S Xenograft Nude Mouse Model 
The ability of the transferrin-targeted adenoviral vector to deliver the p53 gene selectively 
to tumors was examined. The replication deficient adenovirus serotype 5, carrying the normal 
human p53 gene was used in these studies. This virus, termed Adp53, was used to produce Tf- 
Adp53. Tf-Adp53 was produced by mixing Holo-Transferrin with Adp53 in 10 mM HEPES, pH 
7.4, at a ratio of 1.5 x 10 5 Tf molecules/virion. After incubation for 10 minutes at 4°C, 
phosphate buffered saline (PBS), P H 7.4, was added to bring the final volume to 300 uL/mouse 
and made to a final concentration of 5% dextrose. Three days after i.v. injection of these viruses 
into nude mice bearing subcutaneous DU 145 tumors, the mice were euthanized, the tumors and 
organs excised, and Western blot analysis for P 53 protein expression performed (see Figure 3). 
The antibody used in these studies reacts with both normal and mutated forms of human p53 and 
cross-reacts with mouse P 53. The P 53 band representing the virally transduced wild-type p53 
migrates in the gel above the mutated form of P 53 found in the DU145 cells. This can be seen 
in the left two lanes of Figure 3 where DU145 cells are compared with DU145 cells infected m 
culture with Ad P 53. An upper band, representing the virally encoded wt P 53, was ev ld ent in 
DU145 cells infected in vitro with Ad P 53. It should be noted that the first lane (DU145 + 
Ad P 53) contains only 2.5 ug of protein whereas all other lanes of Figure 3 contain 100 ug of total 
protein. 

Western blot analysis of tumors from mice receiving the targeted Adp53 (i.e., Tf-Adp53) 
revealed an upper band (exogenous P 53) and a lower band (endogenous DU145p53) that merged 
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into what appears as a single large band. It is clear that there is significantly more exogenous P 53 
in tumors from mice receiving Tf-Adp53 than the tumors from the mice treated with the 
untargetted Adp53. Liver and other vital organs from the mouse treated with the targeted Tf- 
Adp53 displayed little or no exogenous wtp53. In contrast, treatment with untargetted Adp53, 
resulted in a higher level of exogenous p53 in the liver. As would be expected, tumors of 
untreated mice contained only the endogenous DU145 P 53 and organs from these animals 
contained only endogenous mouse p53. These results further confirm that the Tf-Adp53, and not 
the untargetted Adp53, can selectively target tumors in vivo, and that p53 is efficiently expressed 
in the tumor tissue following i.v. administration. 

Example 4 

Transferrin-Targeted Systemic Adenoviral-M ediated Gene Delivery In Vivo 
in a n sr.r.HN Xenograft Nude Mouse Model in Con junction with Radiation Treatment 
The ultimate test of the usefulness of a targeted adenoviral delivery system in gene 
therapy is its effectiveness in treating tumors when systemically administered. It has been 
established that loss of functional p53 can contribute to the radiation-resistant phenotype 
(Bristow et al., 1996). We previously demonstrated that the combination of wtp53 and 
conventional radiation treatment was able to eliminate established xenograft tumors long term 
(Xu et al., 1999; Pirollo et al., 1997). The results in this example show the ability of Tf-Adp53 
to sensitize xenografts of human tumor cells to radiation therapy. 

Xenografts were induced in 4-6 week old female athymic nude (NCr nu-nu) mice by the 
subcutaneous injection of 4 x 10 6 JSQ-3 cells (in Matrigel™, a collagen matrix) on the lower 
back above the tail of each animal. The JSQ-3 cell line was derived from a recurrent SCCHN 
and is known to be highly radioresistant. Tumors were allowed to develop to a size of 1 00-200 
mm 3 . The targeted adenovirus, designated Targeted Ad-p53, was prepared by mixing transferrin 
with adenovirus carrying DNA encoding wt P 53 as described in Example 1 . Adenovirus particles 
(pt) per plaque forming unit (pfu) was calculated for this experiment. The animals were divided 
into four groups: (i) Untreated (-) Radiation; (ii) Untargetted Ad-p53 (+) Radiation; (hi) 
Targeted Ad- P 53 (-) Radiation; (iv) Targeted Ad-p53 (+) Radiation. The mice (in groups ii, Hi 
and iv) were i.v. injected, via the tail vein, every three to four days with 1 x 10'° 
pt/mouse/injection (equivalent to approximately 3 x 10° pfu) of either targeted (an admixture of 
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Tf ligand and virus was injected) or untargetted (no ligand) Ad-p53. A total of 6 injections were 
administered. The day after the initial i.v. injection, the animals (in groups ii and iv) were 
secured in a lead holder, which permitted only the tumor area to be irradiated, and the first 
fractionated dose of 2.0 Gy of ,37 Cs ionizing radiation administered using a J.L. Shepard and 
Associates Mark I irradiator. Thereafter, the animals were given 2.0 Gy/day for 5 consecutive 
days, followed by 2 days without radiation treatment. The cycle was repeated until a total of 30 
Gy had been administered. The tumor sizes were measured weekly in a blinded manner. 

The untreated animals and those receiving Targeted Ad-p53 without radiation were 
euthanized due to tumor burden by day 52 (see Figure 4). Treatment with Untargetted Ad-p53 
plus radiation delayed tumor growth during the course of treatment. However, once treatment 
ceased, the tumors in these animals began to increase in size such that by day 121 they also had 
to be euthanized due to tumor burden. In contrast, the tumors in the animals receiving Tf- 
Targeted Ad-p53 in combination with radiation regressed completely, during and even after 
cessation of treatment, such that more than 8 months post treatment there was no recurrence of 

the tumors in these animals. 

These results together with those in Figure 3 demonstrate that systemically administered 
Tf-targeted adenovirus can deliver wt-p53 selectively to tumors resulting in their sensitization 
to conventional radiotherapy. Most importantly, the combinatorial treatment of Tf-Adp53 plus 
radiation resulted in eradication of tumors long-term. Recently, Kataoka et al. (1998) reported 
that the combination of 2-methoxyestradiol (2-Me) and systemic delivery of untargetted Adp53 
in a mouse model using A549 cells partially inhibits metastatic lung tumor growth. This 
combination treatment resulted in a two-thirds reduction in lung colony count. While certainly 
promising, the tumor cells remaining after this treatment would most certainly grow and 
eventually kill the animal. In contrast, our results with Tf-targeted Adp53 produced apparently 
total, long-term (currently 8 months out) regression of subcutaneous SCCHN tumors. 

Example 5 

Transferrin-Tarpeted Systemic Adenoviral-M ediated Gene Delivery In Vivo 
in an SCCHN Xenograft Nude Mouse Model in Conjunction with Radiation Treatment 
JSQ-3 xenografts were induced in NCr nu-nu mice as in Example 4. Tumors were 
allowed to develop to a size of 50-60 mm 3 . The targeted adenovirus, with (Targeted Ad-p53) or 
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without (Targeted Ad) DNA encoding human wt p53, was prepared by mixing transferrin with 
adenovirus as described in Example 1 . Adenovirus particles (pt) per plaque forming unit (pfu) 
was calculated. The animals were divided into five groups: (i) Untreated (-) Radiation; (ii) 
Untargetted Ad-p53 (+) Radiation; (iii) Targeted Ad (+) Radiation; (iv) Targeted Ad-p53 (-) 
Radiation; (v) Targeted Ad-p53 (+) Radiation. Mice were i.v. injected via the tail vein every 
three to four days with 3 x 10 9 pt/mouse/injection. A total of 5 injections were administered. 
Three days after the initial i.v. injection, the animals were secured in a lead holder, which 
permitted only the tumor area to be irradiated, and the first fractionated dose of 2.0 Gy of 137 Cs 
ionizing radiation was administered using a J.L. Shepard and Associates Mark I irradiator. 
Thereafter, the animals were given 2.0 Gy/day for 5 consecutive days, followed by 2 days without 
radiation treatment. The cycle was repeated until a total of 26 Gy had been administered. The 
tumor sizes were measured weekly in a blinded manner. As in Example 4, the tumors in the 
untreated animals and those receiving Targeted Ad-p53 without radiation demonstrated 
continuous growth such that by day 50 the animals were euthanized due to tumor burden. 
Tumors in the group treated with radiation and Targeted-Ad without wt p53 demonstrated some 
minimal radiation inhibition of growth during treatment, but tumors increased in volume once 
the treatment was ended. A similar but even more dramatic regrowth occurred post-treatment 
in the group of animals that received the Targeted-Ad-p53 but no radiation. This is in sharp 
contrast to those mice receiving the Targeted Ad-p53 in combination with radiation. As observed 
in Example 4, tumor regression continued in these animals more than eight months after the end 
of all treatment. Eight months in the lifespan of a mouse is equivalent to 30 years in a human life 
span. 

Example 6 

Transferrin-targeted Retroviral Gen e Transduction 
Retroviral vectors are one of the most widely used gene therapy vectors in clinical trials. 
As with adenoviral vectors, retroviral vectors exhibit poor specificity and significant 
immunogenicity. 

Replication-deficient retrovirus containing the E. coli LacZ gene, RvLacZ (A Lac Z, Gene 
Transfer Vector Core, University of Iowa), at 1x10'° particles (pt)/mL containing 3xl0 7 
transforming unit (TU)/mL, was employed in this study. Transferrin and Tf-RvLacZ complex 
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was prepared similarly to that described in Example 1 . Briefly, Tf was first diluted to 0.5 mg/mL 
in 10 mM HEPES buffer, pH 7.4, then different amounts of Tf were added to 50 uL HEPES 
buffer in a serial dilution. RvLacZ was then added to the tubes so that the Tf to virus ratios 
ranged from lxl 0 2 up to 1x10 6 Tf molecules/virion. The tubes were incubated at room 
temperature for 10-15 minutes with rocking every two minutes then 150 uL of EMEM without 
serum was added to each tube. In vitro retroviral transduction was performed as described in 
Example 1 . The virus to cell ratio ranged from 100 to 2000 viral pt/cell. 

At a viral dose of 500 pt/cell or 1.5 MOl (or TU/cell), 3.4 mU/mg protein of p- 
galactosidase was expressed by the retrovirus RvLacZ alone. With transferrin-complexed virus, 
administration of Tf-RvLacZ (500 Tf molecules/pt) gave 6.8 mU/mg protein of P-galactosidase 
expression, while administration of Tf-RvLacZ (5000 Tf molecules/pt) gave 9 mU/mg 
expression, which represents 2- and 3-fold higher gene transduction than produced via the 
administration of RvLacZ alone. The increase of gene transduction plateaued at a ratio of 50000 
Tf molecules/pt. At a dose of 1000 pt/cell or 3 MOI, Tf-RvLacZ (5000 Tf molecules/pt) 
produced 2.1-fold more reporter gene expression and Tf-RvLacZ (50000 Tf molecules/pt) 
produced 3-fold more expression than RvLacZ alone. Histochemical staining showed that 
RvLacZ alone had a 20-30% transduction efficiency while transferrin-complexed retrovirus Tf- 
RvLacZ (5000 Tf molecules/pt) had a 60-80% transduction efficiency. The results demonstrated 
that the administration of an admixture of transferrin and retrovirus can substantially enhance 
retroviral gene transduction. 

Example 7 

Transferrin-Tarpeted Systemic Adenov iral-Mediated Gene Delivery 
In Vivo in a Svnpeneic Mouse Model in Co njunction with Chemotherapy 
The ability of the ligand-targeted, viral p53 delivery system to sensitize tumor cells to 
chemotherapy in an immune competent animal model was examined. The model chosen for 
these studies was the B 16 mouse melanoma lung metastases model. In multiple experiments, B 16 
cells were injected, via the tail vein into immune-competent C57/BL/6 mice. In this model, 
tumor colonies in the lung are easily visible within two-three weeks, due to the expression of 
melanin by the tumor cells. Four days after injection of the B 16 cells, treatment with the 
combination of Adp53, Tf-Adp53 and/or cisplatin (CDDP) was begun. 1 x 10'° viral 
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pt/mouse/injection (equivalent to 3 x 10 8 pfu), at a ratio of 1.5 x 10 5 Tf molecules/virion, was 
administered systemically via an i.v. tail vein injection three times per week for a total of 12-13 
viral treatments. Intraperitoneal CDDP (3-5mg/kg) was administered every 2-4 days with a total 
of 8-13 doses of CDDP administered. One day after all treatments (five weeks after the initial 
injection of B 16 cells), the lungs were excised from the animals and perfused with 10% 
formaldehyde. 

As shown in Figures 5A-H, there is a dramatic difference in the lungs obtained from the 
animals receiving the combination treatment and those from the other groups in two separate 
experiments. While CDDP alone and the Tf-Adp53 alone demonstrated some effect when 
compared to the lungs from the untreated animals, a significant number of tumor colonies are still 
evident. Similarly, the lungs of animals treated with the control virus Tf-AdLacZ plus CDDP 
evidences what is only a drug effect. More significantly, the animals that received the untargetted 
Adp53 along with CDDP also present with multiple large tumor colonies indicating minimal 
effect of untargetted Adp53 when systemically delivered. In contrast however, the lungs from 
the animals that received transferrin-targeted adenoviral P 53 (Tf-Adp53) in combination with 
CDDP are virtually free of obvious tumor metastases. These findings demonstrate that the 
systemically delivered, Tf-targeted, Adp53 can sensitize tumor cells to conventional 
chemotherapy in addition to conventional radiotherapy. Moreover, the Tf-Adp53 can also 
function effectively in a syngeneic mouse model in addition to the nude mouse models used 
previously. 

The Tf molecule employed in all of our experiments is human Tf. It is known that the 
TfR from a given species can bind the Tf from a range of other species (Aisen, 1998). 
Nonetheless, we were initially concerned that the selectivity seen with human tumors in nude 
mice might be attributable to the human Tf we were using being recognized by the tumor TfR 
in preference to the mouse TfR in the host's normal tissues. The syngeneic model system 
involving B 16 mouse melanoma cells growing in C57/BL/6 mice is reassuring in this regard. In 
this model, the TfR on the tumor and the TfR on the normal tissues are both mouse TfR. 
Nonetheless, we were able to demonstrate that adenoviruses complexed with human Tf home to 
the tumors having elevated levels of mouse TfR. This finding suggests that it is the level of TfR 
expression rather than a species-related phenomenon that accounts for targeting to the human 
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xenograft tumors in the nude mouse models described above and boosts the likelihood that we 
can achieve our ultimate goal of treating human tumors growing in humans. 

Example 8 

5 Transferrin Targeted Herpes Simplex Virus Transduc tion 

Herpes simplex virus (HSV) is a replication competent viral vector, widely used in gene 
therapy, especially in the central nervous system (Walker, 1999). As with adenoviral or retroviral 
vectors, HSV exhibits poor specificity and significant immunogenicity. 

To explore the feasibility of using the transferrin-targeting strategy to target the 
1 0 replication competent viral vectors, G207, the HSV with a reporter gene LacZ (Walker, 1 999), 
was complexed with human transferrin. G207(l.l x 10 9 pfu/mL, NeuroVir, Inc., in PBS) was 
mixed with human holo-transferrin (Sigma, 5 mg/mL in water) at different ratios in the same 
manner as that for the Tf-AdLacZ, as described in Example 1 . In one set of experiments, HSV 
was heat-treated by incubating at 37°C for 1 0 minutes before mixing with Tf. The heat treatment 

15 reportedly can inactivate the HSV. 

For transduction experiments, 8 x 10" JSQ-3 cells/well were plated in a 24-well plate. 
24 hours later the cells were washed once with EMEM without serum, then 0.3 mL EMEM 
without serum or antibiotics was added to each well. The HSV or Tf-HSV complexes at different 
ratios of transferrin to virus in 200 uL EMEM were added to the wells, at a MOI=l . After 4 

20 hours incubation at 37°C, 5% C0 2 , with mixing by rotating the test tube once every 2 minutes, 
0.5 mL EMEM with 20% serum was added to the wells. After 2 days in culture, the cells were 
washed once with PBS, and lysed in IX reporter lysis buffer (Promega). The cell lysates were 
treated with 100 uL of 150 ^M O-nitrophenyl-p-galactopyranoside in 20 mM Tris (pH 7.5) 
containing 1 mM MgCl 2 and 450 mM p-mercaptoethanol at 37X for 30 minutes. The reaction 

25 was stopped by the addition of 1 50 uL/well of 1 M Na 2 C0 3 . The absorbance was measured at 
405 nm. Purified (} -galactosidase (Boehringer) was used to make a standard curve. The results 
were expressed as milliUnits (mU) of p-galactosidase equivalent per mg of total protein. The 
results are shown in Table 1 . 
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Table 1 

Transferrin Enhances HSV Transduction Efficiency 

Tf/virion 0 500 1500 5000 15000 50000 

Non-treated* 318 448 463 483 405 675 

Heat-treated* 286 410 436 455 386 640 

* p-galactosidase activity, mU/mg protein 

Transferrin enhances the transduction efficiency of HSV, a replication competent viral 
vector. When HSV was heat-inactivated, the complexing with Tf still showed enhanced 
transduction efficiency. At a Tf/virion ratio of 50000 and a MOI= 1 , Tf-HSV gave greater than 
two-fold more reporter gene expression than did HSV without Tf targeting. The results 
demonstrate that the transferrin-targeting strategy can be used for replication competent viral 
vectors such as HSV. 

Example 9 

Transferrin-Targeted Systemic Adenovi ral-Mediated 
fiwie. Deliver y In Vivo in an MDA-MB-435 ^nnpraft Nude Mouse 
Mnrtel in Conjunction with the Ch e motherapeutic Agent Docetaxel (Taxotere) 
To further demonstrate the usefulness of this targeted adenoviral delivery system, a 
second tumor model, the human breast cancer derived cell line MDA-MB-435, was employed. 
Additionally, since chemotherapy is often the treatment of choice for breast cancer, this 
experiment tested the ability of the delivery system of this invention to sensitize established 
human breast cancer xenograft tumors to the commonly used chemotherapeutic agent docetaxel 
(Taxotere). Xenografts were induced in 4-6 week old female athymic nude (NCr nu-nu) mice 
by the subcutaneous injection of 2.5 x 10 6 MDA-MB-435 cells in the mammary fat pad of each 
animal. Tumors were allowed to develop to a size of 40-50 mm 3 . The targeted adenovirus, 
designated Tf Adp53, was prepared by mixing transferrin with adenovirus carrying DNA 
encoding wt p53 as described in Example 1. The animals were divided into five groups: (i) 
Untreated (-) Taxotere; (ii) Taxotere alone, (iii) Untargeted Adp53 (+) Taxotere; (iv) Targeted 
Adp53 (-) Taxotere; (v) Targeted Adp53 (+) Taxotere. The mice were i.v. injected, via the tail 
vein, every three to four days with 5 x 1 0'° pt/mouse/injection of either targeted (an admixture 
of Tf ligand and virus was injected) or untargeted (no ligand) Adp53. A total of 12 injections 
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were administered. The day after the initial viral injection, drug treatment was started. The 
animals were given Taxotere i.v. at a dose of 7.5 mg/kg every three or four days to a total of 1 1 
injections. The tumor sizes were measured weekly in a blinded manner on a total of 6-8 
tumors/group. The mean of the tumor volumes per group (mm 3 ) ± Standard Error vs. Time 
(Days) was plotted (Figure 6). While treatment with the Tf-Adp53 alone had no effect, treatment 
with Taxotere alone or the untargeted Adp53 plus Taxotere induced some growth inhibition 
indicating a drug effect. However, there was an even more dramatic level of growth inhibition 
observed in the tumors from the animals receiving Tf-Targeted Ad-p53 in combination with 
taxotere. These findings show the synergistic effect of the combination treatment and 
demonstrate not only that the transferrin-targeted Adp53 complex of the invention is effective 
in multiple human tumor models, but that it can also be used to sensitize tumors to 
chemotherapeutic agents. 

Example 10 

Transferrin- Tar peted Adenoviral-Me diated Gene 
Fv pression In Vivn in a DU145 Xenograft Nude Mouse Model 
A prostate cancer derived cell line, DU145, demonstrated improved expression in 
intratumoral injections. The replication deficient adenovirus serotype 5, that carried the LacZ 
gene, was used in this example. Athymic nude (nu/nu) mice were subcutaneously injected using 
Matrigel™ to produce tumors. Tf-Ad-LacZ was prepared as in Example 1 . The ratio of Tf/pt 
was 0.1-0.2 mg/10 10 pt as described in Example 2. The mice had 2 tumors each but only one was 
injected. 

Twenty-four hours after intratumoral injection of 3xl0 10 particles/tumor, the tumors were 
excised, cut into pieces, flash frozen in liquid nitrogen, and were pulverized in a Bessman tissue 
pulverizer. P-Galactosidase enzyme activity was measured using the Glacto-Star™ 
chemiluminescent |5-Galactosidase assay system from Tropix, Inc. according to the 
manufacturer's protocol. The results are shown in Figure 7. Tf-Ad-LacZ gave greater than a 3.4- 
fold increase in 0-galactosidase expression as compared to Ad-LacZ. The results demonstrate 
that the transferrin-targeting strategy can be used for increasing expression in intratumoral 
injections. 
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While the invention has been disclosed in this patent application by reference to the 
details of preferred embodiments of the invention, it is to be understood that the disclosure is 
intended in an illustrative rather than in a limiting sense, as it is contemplated that modifications 
will readily occur to those skilled in the art, within the spirit of the invention and the scope of the 
appended claims. 
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